energy and the 2.584 GeV operating energy. Currents as high as 500 mA have been stored using this lattice and synchrotron radiation operations since September, 1998. The dramatic decrease in the beam size in the low emittance lattice is apparent from the digitized synchrotron radiation profiles in figure
INTRODUCTION
The NSLS X-Ray Ring has normally operated in a lattice with horizontal and vertical tunes of 9.14 and 6.20, respectively. The horizontal and vertical emittances were 90 nm-rad and 0.1 nm-rad. In the lattice design, the dispersion was constrained to he zero in the long straight sections. By relaxing this constraint, Safranek previously showed [ 11 that the horizontal emittance could he reduced to as little as 21 nm-rad with the same tunes at the cost of an excessive reduction in the dynamic aperture. He also obtained another lattice with a 38 nm-rad horizontal emittance and a dynamic aperture that was at least as big as the physical aperture everywhere in the ring. Unfortunately, the sextupole strength needed to correct the chromaticity of the 38 nm-rad lattice was greater than could he supplied by the existing sextupole magnets. Even so, a 50 mA electron heam could he stored before the onset of the head-tail instability. To obtain a lower emittance without unreasonable increases in the sextupole strengths, a new lattice was developed with horizontal and vertical tunes of 9.83 and 5.71, respectively, producing a horizontal emittance of 45 nm-rad. The vertical emittance has remained unchanged at 0.1 nm-rad. Operating in this lattice required changes to the injection conditions and to the programs that are followed as the storage ring energy is ramped between the 750 MeV injection *Work supported by the U S Depmment of Energy under contract
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LATTICE
The emittance E, of a storage ring is where OE is the energy spread The NSLS X-Ray Ring was designed with a long straight section in each of the eight super-periods to provide space for injection components, RF cavities, wigglers and undulators for synchrotron radiation production. The original lattice was designed with zero dispersion in the long straight sections to minimize the beam size in the insertion devices by eliminating the second term in eqn. 2 and also to avoid any increase in the emittance from dispersion in the dipole field of a wiggler. The properties of the X-Ray Ring lattice can be varied by adjusting the strengths of the four quadrupole families. Permitting non-zero dispersion in the long straight sections was found to reduce the emittance by lowering qx and q; in the dipole magnets. The reduction in emittance more than compensated for the contribution to the beam size from straight section dispersion. The presence of dispersion in the wigglers located in the long straight sections did increase the emittance somewhat but the effect was small. A calculation shows that the dispersion in the 4.7 T, 5 pole superconducting wiggler increases the emittance from 43.3 to 45.6 nm-rad. Machine functions in the original and low emittance lattices are shown in figures 2 and 3..
To increase the dynamic aperture, a higher emittance lattice with weaker sextupoles but the same tunes as the low emittance lattice is used for injection at 750 MeV. When the storage ring is ramped from the injection energy to the 2.584 GeV operating energy, the lattice remains in the injection configuration until the ring energy reaches approximately 2.1 GeV. Then, the quadrupole k values are linearly interpolated from the Proceedings of the 1999 Particle Accelerator Conference, New York, 1999 injection values to the low emittance values as the energy is increased from 2.1 to 2.584 GeV.
In the past, there has been a significant disagreement between the design and measured optics in the X-Ray Ring [3]. The discrepancy is mainly caused by the gradient errors produced by an orbit displacement in the sextupoles. The orbit error can not be easily corrected because the synchrotron radiation beamlines have been aligned to the displaced orbit. Instead, trim power supplies were connected to the quadrupole that is adjacent to the sextupoles in each of the eight superperiods. The trim current was determined by using the LOCO program [3] to find the quadrupole strengths that best restored the eight-fold periodicity of the measured orbit response matrix. This restored the machine functions to the design values.
An algorithm, sigycor, has been developed to correct the coupling of the horizontal and vertical betatron motion in the X-Ray Ring [4]. The algorithm uses the displacement in the vertical orbit with horizontal steering magnet field as a measure of the vertical coupling. The skew quadrupoles are then adjusted to minimize this coupling. The horizontal and vertical tunes were also varied to find where sigycor was most effective at minimizing the coupling. Following this procedure, a vertical emittance of approximately 0.1 nm-rad was achieved. This is the same as the vertical emittance obtained with the original optics.
ELECTRON BEAM LIFE-TIME
Two phenomena dominate the loss of electrons from the X-Ray Ring: the Touschek effect and scattering from the residual gas. The Touschek effect describes the loss of particles from the ring when their energy deviation exceeds the energy acceptance. The Touschek half-life is proportional to the volume of the electron bunch [5]. Consequently, an emittance reduction tends to decrease the Touschek life-time. However, the energy acceptance of the ring is determined by both the size of the RF bucket and the dispersion of the lattice. The reduced dispersion and momentum compaction (~5 0 % lower) of the low emittance lattice both contribute to an increase in the energy acceptance and may counteract the reduction in the bunch volume.
Particles are lost to gas scattering when the transverse or longitudinal momentum imparted to an electron by an interaction with a residual gas molecule carries the electron outside of the transverse or momentum acceptance of the ring [6]. The reduced dispersion in the low emittance lattice will again tend to increase the gas scattering life-time while the larger beta function in the quadrupole triplet will tend to decrease it.
Clearly, the competing factors that influence the Touschek effect and residual gas scattering make the 
EFFECT ON USERS
Most users are concerned only with the total flux of the synchrotron radiation and have not noticed any adverse effects from the low emittance lattice. The increase in life-time is an advantage but it is probably too small to notice. Certain users require tightly collimated x-ray beams and are more concerned with the brightness of the source than the flux. These users benefit greatly from the reduced emittance. Figure 5 compares energy spectra of the radiation produced by the XI undulator in the forward direction. The two spectra were obtained from the low emittance and original lattices on successive 100 mA fills of the X-Ray Ring. The intensity of the first harmonic peak is approximately four times greater in the low emittance lattice. 
CONCLUSIONS
The low emittance lattice has been successfully implemented in the NSLS X-Ray Ring at 2.584 GeV. The horizontal emittance was reduced to 46 from 90 nm-rad with the vertical emittance maintained at 0.1 nm-rad. Life-times are as good, or better than in the original lattice. The lattice will also be implemented at 2.8 GeV when a new power supply and cabling are obtained to increase the current in! sextupole magnets.
